Background/Aims: Prediction of lesions of the proximal right coronary artery (pRCA) through electrocardiogram (ECG) is very important because pRCA occlusion has many complications and a high mortality rate, which has frequently been related with right ventricular infarction. The purpose of this study was to devise a screening tool that takes into account multiple leads from a 12-lead ECG to predict the pRCA lesion. Methods: A hundred and fifty-eight patients who were diagnosed as acute coronary syndrome and had a pure lesion of RCA or left circumf lex artery (LCX) by ECGs and angiographic findings were enrolled retrospectively. Forty-eight patients with a pure pRCA occlusion were compared to a control group of 110 patients who were diagnosed as having either a pure mid to distal RCA lesion (57 patients) or a pure LCX lesion (53 patients). Results: ECGs of patients in the pRCA group showed more prominent ST depression in lead I (p = 0.001) and ST elevation in V1 (p = 0.002) than in the control group. The combination of ST depression (≤ 0 mm) in I and ST elevation (> 0.5 mm) in V1 was the best diagnostic tool (area under the curve, 0.84). Conclusions: ST changes in leads V1 and I allow more accurate prediction of pRCA occlusion than other criteria, such as the difference between ST elevation of leads II and III or vector direction and amplitude. These variables could help to screen for right ventricular infarction before performing reverse ECG and predicting prognosis.
INTRODUCTION
The electrocardiogram (ECG) is the primary diagnostic tool used to evaluate and guide the treatment of patients with chest pain and suspected acute myocardial infarction (MI) in emergency departments (EDs). Physicians make decision about performing immediate angiography, using either early invasive strategy or a conservative strategy based upon clinical assessments, including a history of recurrent angina symptoms, elevated cardiac biomarkers, previous history, dynamic ECG, echocardiographic findings of heart dysfunction, and high risk scores [1] . A new ST-segment depression, which is considered a risk factor, and ST changes in specific leads may indicate serious problems, such as right ventricular (RV) injury.
Proximal right coronary artery (pRCA) occlusion usually leads to RV involvement and portends worse prognosis and higher mortality [2, 3] . Additionally, such occlusion is often accompanied by hypotension and The Korean Journal of Internal Medicine Vol. 32, No. 2, March 2017 conduction atrioventricular disturbances [4] . Therefore, to decide optimal treatment and management of such patients, it is extremely important to recognize the location of the culprit vessel on the inferoposterior wall, as shown in Fig. 1 .
The goal of this study was to find out the ECG criteria to predict proximal RCA occlusion as screening test before performing a reverse ECG or echocardiography.
METHODS

Study population
In our tertiary hospital, the ED has an annual volume of 32,000 patients and serves a primarily urban population. We retrospectively analyzed electrocardiographic and angiographic findings of consecutive patients admitted to the ED between March 2005 and December 2013 using a case control design. We reviewed 945 patients admitted to the ED during this period who diagnosed acute coronary syndrome (ACS) and underwent coronary angiography. Among them, 48 were diagnosed as having a pure pRCA lesion by direct percutaneous coronary intervention (PCI). These 48 patients were compared with a control group of 110 patients who were diagnosed as having either a pure mid to distal RCA lesion (57 patients) or a pure left circumflex artery (LCX) lesion (53 patients). We enrolled these 158 consecutive patients with an inferoposterior wall MI who fulfilled the following criteria: (1) absence of conditions precluding the evaluation of ST-segment changes on ECG (bundle branch block, ventricular rhythm, and artifacts); (2) fully assessable electrocardiography on admission; and (3) no mixed lesions involving two or more coronary arteries.
Electrocardiographic analysis
On admission, ECGs were recorded with standard 12 leads at a paper speed of 25 mm/sec and an amplification of 10 mm/mV. All ECGs were reviewed independently by two physicians blinded to patient clinical and angio- graphic data. The isoelectric line was defined as the level of the preceding TP segment. ST-segment deviation was measured manually at 60 ms (ST60) after the end of the QRS complex (J point) by two investigators who were blinded to all clinical and angiographic findings. ECGs were magnified by a software (PicPick version 4 for Windows, Wiziple Inc., Korea) that displayed an enlarged portion of the ECG with more than 10 times magnification.
The variable, discrepancy of ST-segment deviation in leads III and II, was measured because it is known that a greater ST elevation in lead III than lead II predicted pRCA occlusion rather than mid to distal RCA or LCX occlusion [5] . The variable used absolute values from leads III and II to allow for minus values of ST-segment in each lead.
In addition, amplitudes and axes of ST vectors in leads were investigated. Based on registration of the heart's vector loops in three perpendicular directions (X, Y and Z), a ST vector magnitude was calculated by simple geometry and direction of the ST vector that was directed toward the area of predominant myocardial injury was determined in two 2-dimensional planes as follows [6] : ST vector magnitude = √ (X 2 + Y 2 + Z 2 ).
The frontal plane in limb leads was based on the axes of leads I and aVF. The horizontal plane in precordial leads was based on the axes of leads I and V2.
Coronary angiography
During the study period, PCI was performed when patients suspected of ACS had more than one of the following: ongoing chest pain; dynamic ST-T change; troponin elevation; unstable hemodynamics; an abnormal echocardiographic finding, such as regional wall motion abnormality or heart failure; prior PCI, coronary artery bypass graft; or a high risk score. Based on PCI, occlusion of the RCA or LCX supplying the inferoposterior wall was defined as a 70% or more narrowing of the luminal diameter of the coronary artery. The pRCA was defined as the coronary segment proximal to the first RV branch according to the American College of Cardiology/American Heart Association guidelines [7] .
Statistical analyses
To determine interrater reliability for interpreting ECG, the arithmetic mean for each investigator was summarized by calculating the Spearman's correlation coefficient for each lead. To evaluate relationships between the ECG of cases, (pure pRCA lesions) and controls (LCX or mid or distal RCA lesions, except left anterior descending artery [LAD] ), all categorical independent variables were analyzed using Fisher exact test; and the Mann-Whitney U test was applied to all continuous independent variables. The significance of such relationships was tested through binary logistic regression analysis. Receiver operating characteristic (ROC) curves were employed to find optimal cut-off values and area under the curve (AUC) values for independent factors related to pRCA lesion according to various conditions. All calculations relied on standard software (SPSS version 21 for Windows, IBM Co., Armonk, NY, USA), with statistical significance set at p < 0.05.
RESULTS
Based on PCI results, 158 patients were diagnosed with inferoposterior MI involving either the RCA or LCX. The mean age was 64 ± 13 years with male predominance (117 males, 74%). The mean time from angina onset to the ECG recording was 352 ± 107.9 minutes. Chest pain continued for ≥ 20 minutes in 87 patients (55%). The mean value of troponin I was 0.94 ± 1.026. Baseline characteristics of the case and control groups were compared in Table 1 , but there were no significant difference between the pRCA group and controls. ECG measurements by two independent physicians were significantly had reliability (p < 0.001). The intraclass correlation coefficients among ECG leads varied, range 0.85 to 0.97. Table 2 shows the details of the ECG characteristics of three patient groups. When the cases (pure pRCA lesion) were compared with the controls, ST changes measured at 60 ms after point J were prominent in leads I and V1; there were no differences in measurements at other leads, as shown in Table 3 -0.68, -0.22, and -0.28 mm in lead I and 0.97, 0.09, and 0.6 mm in lead V1, respectively, as shown in Table 2 .
Greater ST-segment elevation in lead III than lead II was associated with the case group (pRCA lesion), but other variables that measured amplitude and axis vectors (ST vector magnitude, frontal axis, and horizontal axis), did not differ significantly between the cases and controls. ST deviation in leads I, V1 and greater ST-segment elevation in lead III than lead II differed significantly between cases and controls in multivariable analysis; the odds ratios were 3.6, 3.2, and 4.6, respectively as seen in Table 4 . However, when only patients with the positive ST-segment values in leads II, III, and aVF were included in the analysis, a greater ST-elevation in lead III than lead II was not significantly associated with pRCA lesion as shown that the 95% confidence interval of the odds ratio was wide, 0.813 to 70.895. Perhaps this would be due to the small population included in this study. Nevertheless, the odds ratio was 7.9, displayed in Table 4 . The absolute value of ST-segment deviation in leads II, III was applied. 
DISCUSSION
In cases of inferoposterior MI due to occlusion of the pRCA, ST-segment changes in inferior leads (ST elevation in leads II, III, and aVF) are the key to recognizing the injured area because the injury vector of the affected area is directed predominantly downward. However, because the injury vector is also directed slightly to the right it provokes ST depression in leads I and aVL. Also, RV injury caused by pRCA occlusion results in more inferior than posterolateral injury, producing a vector of injury that attenuates reciprocal ST depression (and may even lead to ST elevation) in leads V1 and V2, as well as making ST elevation more prominent in lead III than in lead II [8] . Hence, such a vectorial approach to interpretation of ST-segment changes may be useful for the discriminating pRCA lesions from other coronary lesions because with pRCA occlusion the ST injury vector is directed towards the right and anteriorly inferiorly [6] .
Two case reports found that increased vector amplitude indicated a high probability of acute MI and that the amplitude and direction of ST injury vector were in concordance with the infarction area presented in SPECT (single positron emission computed tomography) [6, 9] . However, in our study, the amplitude and direction of the ST injury vector were not able to discriminate between proximal and distal RCA lesion. Perhaps the vectors in ECG depend other characteristics, such as the progression of collateral vessels, degree of stenosis or extent of lesion in the endocardium or epicardium. RV involvement, which may be diagnosed by detecting unexpected oxygen desaturation, hypotension, V4R in a reverse ECG and echocardiography, usually occurs because the RCA is occluded proximal to the RV branch, with associated acute inferior wall infarction. Less commonly, RV infarction results from occlusion of a dominant LCX in the setting of acute lateral wall MI; less than 10%, of RV infarctions arise from LAD occlusion in acute anterior wall MI [10] . Rarely, isolated RV infarction originates from non-dominant RCA occlusion or marginal branch occlusion of the RCA [10, 11] . In patients with RCA dominant circulation or co-dominant circulation, which occurs in about 90%, their RCA perfuses the right ventricle, inferior-wall left ventricle and the lower part of the intraventricular septum. Therefore, occlusion of the pRCA will result in RV infarction and negatively affects prognosis.
The RV involvement that usually accompanies pRCA occlusion may be indicated by ST-segment changes in right precordial leads [12] . Isoelectric or ST-segment elevation in lead V1 was observed in 70% of patients with pRCA occlusion and only in 13% of patients with distal occlusion. This criterion had 70% sensitivity and 87% specificity for the detection of pRCA occlusion [13] . In another study similar to our data, both the amplitude of ST elevation in lead V1 (0.51 mm vs. -0.56 mm, p < 0.01) and ST depression of lead I (-1.57 mm vs. -0.83 mm, p < 0.01) were significantly higher in proximal than in distal RCA occlusions and these criteria were used as screening test to distinguish proximal and distal RCA lesions, adding to the ST deviation in lead II, III and V3. They were incorporated into a score that distinguished proximal from distal stenosis of the RCA [14] . And ECGs indicating pRCA occlusion showed ST depression in lead I but isoelectric ST in lead V1 in a recent study [15] .
On the other hand, one study reported ST elevation in lead V1 in ECG of patients with pRCA occlusion was more meaningful than with distal RCA occlusion (0 mm vs. -1.5 mm, p < 0.01) but obvious difference was not observed in lead I (-1 mm vs. -1 mm, p = non-specific) [13] . Furthermore, a research report concluded that ST deviations in lead V1 were not related to pRCA occlusion [16] .
The ratio of ST-segment elevation in lead II to ST elevation in lead III was the main ECG feature that discriminates LCX from RCA according to many authors, including Tierala et al. [17] . In addition, the comparison of ST elevation in leads II and III has been used a screening tool for right ventricular infarction (RVI). However, greater ST elevation in lead III than lead II is found to be sensitive (97%) but relatively nonspecific compared to ST-segment elevation in lead V4R (56% vs. 78%, respectively) [18, 19] . Furthermore, left dominance of coronary artery charged in 15% was an important contributing factor to the misclassification of culprit coronary artery and made a difference of ST elevation in leads II and III [15, 20] . Meanwhile, the difference of ST elevation in lead II and III was showed as having meaning slightly in our analysis; however, ST elevation in lead V1 and ST depression in lead I were more discriminant features than the difference of ST elevation in lead II and III as a good predictor of lesions of the pRCA.
ST depression > 1 mm in lead aVL was very sensitive and specific for RV involvement in patients with acute MI compared to diagnosis of RVI based on changes in right precordial leads and ST elevation > 1 mm in lead V4R [21] . However, a correlation between ST depression in aVL and pRCA occlusion was not observed in our data.
The criterion of ST changes in I and V1 have had the highest accuracy for distinguishing pRCA versus dRCA or LCX occlusion although physician had thought that gap of ST deviation in III and II allowed prediction of the location of occlusion in pRCA. Therefore, this criterion of ST changes in I and V1 may be recommended to be applied in the emergency room as it may help to make a decision regarding the need of urgent management to RVI or advanced diagnostic tool like reverse ECG or echocardiography.
The major limitation of this study was the small number of patients. We only included highly selected patients with lesions in a single coronary artery and only included patients with lesions in the RCA and LCX, not with lesions located in the LAD. In our study, the lead V4R was not evaluated because reverse ECG data was frequently missing from patient records. In addition, the anatomical variation of individuals was not considered. The posterior descending and posterolateral branches depending on the dominant or non-dominant coronary vessel that perfuse the inferolateral sections of the left ventricle can originate from either the RCA or the LCX. The dominant branch might be able to have an effect
